Introduction
============

Dry eye (DE) is a chronic inflammatory disease caused by a lack of or excessive evaporation of tears, which causes damage to the interpalpebral ocular surface and is associated with symptoms of ocular discomfort ([@b1-etm-0-0-8830]). DE affects \~14.5% of the world\'s population, with rising prevalence ([@b2-etm-0-0-8830]). In the developed world, DE has become one of the leading reasons for patients seeking ophthalmological care ([@b3-etm-0-0-8830]). Currently, cyclosporine and artificial tears have been the main treatment approaches for chronic inflammatory DE ([@b4-etm-0-0-8830],[@b5-etm-0-0-8830]). However, to the best of our knowledge, the pathogenesis of DE has not been fully elucidated.

Oxidative stress and increased levels of reactive oxygen species (ROS) are known to serve important roles in the development of DE ([@b6-etm-0-0-8830]). The close relationship between lipid peroxidation-related membrane injury, protein oxidation, ROS production and inflammation was confirmed in patients and animal models of DE ([@b7-etm-0-0-8830]). Previous studies have demonstrated that topically applied medicinal plant extracts or tropical tree leaf extracts are effective for stressed human corneal epithelial (HCE) cells and murine DE by exhibiting anti-oxidative and anti-inflammatory properties ([@b10-etm-0-0-8830]). Furthermore, anti-oxidative glasses containing extracts of medicinal plants were also indicated to be effective in improving symptoms of DE, both reducing dryness and redness and increasing tear break up time (TBUT) and Schirmer\'s test results ([@b13-etm-0-0-8830]).

*Eurya japonica* (EJ) is an ornamental plant distributed in coastal areas, particularly in southern Korea, southern China and south central Japan ([@b14-etm-0-0-8830],[@b15-etm-0-0-8830]). The leaves of Eurya emarginata have been used to treat ulcers or as a diuretic in certain regions of Asia ([@b14-etm-0-0-8830]). Recent studies have suggested that EJ has a variety of biological functions, including anti-cytotoxic, anti-apoptotic, anti-angiogenic and anti-cancer effects ([@b14-etm-0-0-8830],[@b16-etm-0-0-8830]). Furthermore, chrysoeriol, eutigoside B and eutigoside C isolated from EJ leaves were revealed to exert anti-oxidative and anti-inflammatory effects ([@b19-etm-0-0-8830]). However, to the best of our knowledge, no studies have investigated the effectiveness of EJ in the treatment of inflammatory ocular diseases.

Based on the aforementioned characteristics of EJ, it was hypothesized that EJ extracts may exhibit an effect on DE-associated inflammation and oxidative damage. Therefore, the efficacy of topical EJ extracts in HCE cells and murine experimental dry eye (EDE) was investigated.

Materials and methods
=====================

### Preparation of EJ leaf extracts

EJ leaves were collected from the Jangseong province of South Korea. Following collection, fresh leaves were washed with distilled water and placed in a drying oven set to 40°C. After 10 days, when the water content of the leaves was \<5% of their dry weight, the leaves were grinded to a size of 0.5 mm using a pin-type mill. The samples were extracted using a supercritical CO~2~ extraction system (cat. no. 06RA06-104010-A0031; ISA-SCFE system; Ilshin Autoclave Co., Ltd) at the Nano Bio Research Center, Jangseong. Pure CO~2~ was applied to the samples using a syringe pump. Each container was filled with leaves weighing 100-125 g, and under a pressure of 200 bar, CO~2~ was used as the main extraction gas, C~2~H~3~OH was used as the co-solvent and supercritical extraction was performed ([@b22-etm-0-0-8830],[@b23-etm-0-0-8830]). During the 2 h extraction process, care was taken to control the temperature, pressure and CO~2~ flow at 40°C, 200 bar and 60 ml/min, respectively, and the co-solvent flow rate was 3 ml/min. EJ extract concentrations with a density of 0.818 g/ml were collected by supercritical fluid extraction at 40°C for 120 min and stored in a clean vial at -20°C until subsequent use.

EJ extracts were diluted to concentrations of 0.001, 0.01 and 0.1% for both *in vitro* and *in vivo* experiments. For *in vitro* experiments, EJ extracts were diluted with phosphate-buffered saline (PBS; Biosesang). For animal experiments, EJ extracts were diluted with balanced salt solution (BSS; Alcon).

### Cell culture and viability assay

HCE-2 \[50.B1\] cells (cat. no. CRL-11135; American Type Culture Collection) at passage 28 were cultured at 37°C in a humidified incubator containing 5% CO~2~. Cells were maintained in EpiLife^®^ (Gibco; Thermo Fisher Scientific, Inc.) medium and supplemented with human corneal growth supplement (1X; Gibco; Thermo Fisher Scientific, Inc.), 100 U/ml penicillin and 100 µg/ml streptomycin (Gibco; Thermo Fisher Scientific, Inc.).

Cell viability was measured using a water-soluble tetrazolium salt (WST)-based EZ-Cytox assay kit (DoGen Bio Co., Ltd.) ([@b24-etm-0-0-8830]). HCE cells (2x10^5^ cells/well) were seeded in a 96-well plate and incubated for 24 h at 37°C. Subsequently, the cells were pre-treated with different concentrations of EJ extracts (0.001, 0.01 and 0.1% diluted in PBS) and PBS only for 1 h at 37°C. PBS only-treated cells were used as a negative control. Cells were then rinsed with PBS and cultured for an additional 24 h at 37°C. Plates containing 10 µl WST (DoGen Bio Co., Ltd.) reagent solution in each well were incubated at 37°C for an additional 3 h in a CO~2~ incubator. The absorbance was measured at a wavelength of 570 nm using an ELx808 absorbance microplate reader (BioTek Instruments, Inc.). Cells treated with 200 µM hydrogen peroxide (H~2~O~2~; Thermo Fisher Scientific, Inc.) were used as a positive control to evaluate the effect of the EJ extracts on cell viability following oxidative stress ([@b25-etm-0-0-8830]). To maximize the antioxidative effects of EJ extracts, EJ extracts were diluted to several different concentrations (0.001, 0.01 and 0.1%) with PBS. Cells were pretreated with PBS only, 0.001, 0.01 or 0.1% EJ extracts for 1 h at room temperature, followed by treatment with 200 µM H~2~O~2~ at room temperature for 30 min. In addition, cells untreated with EJ extract or H~2~O~2~ were used as a negative control. EJ extract-pre-treated and H~2~O~2~-treated cells were used for subsequent *in vitro* assays. Each assay was performed in triplicate.

### Determination of intracellular ROS levels

The levels of intracellular ROS were determined using the CM-H2DCFDA kit (cat. no. C6827; Invitrogen; Thermo Fisher Scientific, Inc.) according to the manufacturer\'s protocols, as previously described ([@b11-etm-0-0-8830]). Briefly, HCE cells were washed three times with PBS, cells were seeded in PBS containing 10 µM chloromethyl-H~2~DCF-DA for 30 min at 37°C and washed another three times with PBS. Cellular fluorescence was quantified using a fluorescent microscope (magnification, x40; Eclipse TE300; Nikon Corporation) at an excitation setting of 515 nm and an emission setting of 550 nm. Dichlorodihydrofluorescein diacetate (DCF-DA) fluorescence intensities were quantified using ImageJ software (version 1.45; National Institutes of Health) and expressed as percentages normalized to the negative control.

### Mitochondrial membrane potential assay

To determine whether EJ extracts alter the mitochondrial function in cells under H~2~O~2~-induced oxidative stress, a 5,5\',6,6\'-tetrachloro-1,1\',3,3\'-tetraethyl benzimidazolylcarbocyanine iodide (JC-1) probe was used to assess the loss of mitochondrial membrane potential ([@b26-etm-0-0-8830]). EJ extract-pre-treated and H~2~O~2~-treated cells were cultured at 37°C on 6-well culture plates at a concentration of 1x10^5^ cells per well and incubated with 2 µM JC-1 (Invitrogen; Thermo Fisher Scientific, Inc.) for 30 min at 37°C. Cells were washed with PBS and incubated with 1 ml Accutase^®^ solution (cat. no. A1110501; Thermo Fisher Scientific, Inc) at 37°C for flow cytometry analysis. The plates were carefully tapped to detach the cells after 2 min of incubation. Suspended cells were then washed twice with cold PBS and resuspended in cold PBS. Flow cytometer (BD Accuri C6; BD Biosciences) and the flow cytometric analysis program (BD Accuri C6 Software; version 202.8; BD Biosciences) were used to quantify JC-1 fluorescence; a decrease in red fluorescence (F~ג585~) accompanied by an increase in green fluorescence (F~ג510~) indicated a decrease in the mitochondrial membrane potential. Red fluorescence was calculated relative to the percentage of the total fluorescence (summation of red and green fluorescence).

### Mouse model of dry eye and experimental design

The research protocol was approved by the Chonnam National University Medical School Research Institutional Animal Care and Use Committee (approval no. CNU IACUC-H-2015-11). Maintenance of animals and all *in vivo* experiments were performed in accordance with the Association for Research in Vision and Ophthalmology statement for the Use of Animals in Ophthalmic and Vision Research.

Female C57BL/6 mice (age, 6-8 weeks; weight, 16.0±2 g; n=25) were obtained from Orient Bio Center and used following experiments. The EDE mouse model was induced via subcutaneous injection of 0.5 mg/0.2 ml scopolamine hydrobromide (Sigma-Aldrich; Merck KGaA) four times per day (at 8 and 11 am and 2 and 5 pm) with exposure to an air draft and 30% ambient humidity for seven days, as previously described ([@b27-etm-0-0-8830],[@b28-etm-0-0-8830]). During the experiments, animal movement and food and water intake were not restricted. The animals were housed at 22°C and 30% humidity on a 12 h light/dark cycle.

The mice were randomly assigned to five groups based on the topical treatment, which was administered for seven days, as follows: i) EDE control mice that received no eye drops; ii) EDE mice treated with BSS (Alcon); iii) EDE mice treated with 0.001% EJ extract (Nano Bio Research Center); iv) EDE mice treated with 0.01% EJ extract (Nano Bio Research Center) and v) EDE mice treated with 0.1% EJ extract (Nano Bio Research Center). EJ extracts were diluted in BSS for each treatment group. A total of 2 µl eye drops (BSS; 0.001; 0.01 or 0.1% EJ extract) were applied topically to both eyes of the mice three times a day for seven days. Clinical parameters, including tear volume, tear film break-up time and corneal fluorescein staining scores (CFSS) ([@b29-etm-0-0-8830]) were measured on the seventh day of treatment. Measurements were made 3 h following the last scopolamine injection and eye drop application. After measurement of the clinical parameters, the mice were anesthetized via intraperitoneal injection of sodium pentobarbital (50 mg/kg). Transcardial perfusion was then performed with phosphate buffer (pH 7.4) for euthanasia. A multiplex immunobead assay and measurement of conjunctival ROS production using a CM-H2DCFDA kit were performed following tissue harvesting. Each group consisted of five mice. All experiments and analyses were repeated three times.

### Measurement of cellular ROS levels

Levels of intracellular ROS production were measured using a CM-H2DCFDA kit according to the manufacturer\'s protocol, as previously described ([@b12-etm-0-0-8830]). In summary, the conjunctivas of the mice (5 eyes/group) were surgically harvested, dipped in PBS, torn apart using scissors and incubated at 37°C for 1 h in the presence of 0.5 mg/ml collagenase type D (Roche Applied Science). Following incubation, the tissues were disrupted by grinding using a syringe plunger and passed through a cell strainer with a pore size of 100 mm. Cells were centrifuged at 450 x g for 7 min at 4°C and washed with PBS and 10 µM DCF-DA (cat. no. D399; Molecular Probes; Thermo Fisher Scientific, Inc.) and incubated for 30 min at 37°C. Cells were analyzed using a FACSCalibur flow cytometer (BD Biosciences) at an excitation wavelength of 480 nm and an emission wavelength of 530 nm. The results were expressed as the mean percentage increase of DCF-DA fluorescence over the control tissue (conjunctival tissue harvested from mice that were not exposed to desiccant stress or topical treatment) with CellQuest software (version 5.2.1; BD Biosciences).

### Multiplex immunobead assay for inflammatory cytokines and chemokines

A multiplex immunobead assay (cat. no. LX200-XPON3.1; Luminex 200; Luminex Corporation) was used to measure the concentrations of tumor necrosis factor (TNF)-α, interleukin (IL)-1β, 10 kDa interferon gamma-induced protein 10 (IP-10) and monokine induced by interferon-γ (MIG) in the conjunctivas, as previously described ([@b30-etm-0-0-8830]). Conjunctival tissues were collected (five eyes per group) and pooled in a lysis buffer (TissueLyser; Qiagen GmbH) containing protease inhibitor for 30 min. Cell extracts were then centrifuged at 14,000 x g at 4°C for 15 min. The supernatants were stored at -70°C until further analysis. After centrifugation, each sample (10 µg/25 µl) was added to a well of a 96-well plate and incubated in the dark overnight at 4°C with 25 µl of 1X beads conjugated to the following mouse cytokine/chemokine-specific antibodies: Anti-mouse TNF-α (cat. no. MCYTNFA-MAG; Milliplex^®^; Merck KGaA), anti-mouse IL-1β (cat. no. MIL1B-MAG; Milliplex^®^; Merck KGaA), anti-mouse IP-10 (cat. no. MIP10-MAG; Milliplex^®^; Merck KGaA), anti-mouse MIG (cat. no. MMIG-MAG; Milliplex^®^; Merck KGaA). Serial dilutions of each cytokine/chemokine (cat. no. MTH17-8047; Milliplex^®^; Merck KGaA) were also added to wells in the same plate to generate a standard curve. The next day, the beads were washed with wash buffer (cat. no. L-WB; Milliplex^®^; Merck KGaA) and mixed with 25 µl of 1X biotinylated secondary cytokine/chemokine antibody mixture (cat. no. MTH17-1047; Milliplex^®^; Merck KGaA) for 1 h at room temperature, followed by washing with wash buffer and subsequent incubation with 25 µl of streptavidin-phycoerythrin for 30 min (both steps performed in the dark). After a final wash, the wells were resuspended in 100 µl of assay buffer. The reactions were detected following the addition of streptavidin-phycoerythrin (Milliplex^®^; Merck KGaA) using the xPONENT software analysis system (version 3.1; Luminex Corporation). The concentrations of tissue cytokines and chemokines were calculated from the standard curves of known concentrations of recombinant mouse cytokines and chemokines.

### Evaluation of tear film and ocular surface parameters

The tear volume was measured using phenol red-impregnated cotton threads (Zone-Quick Thread Tear Test; Oasis Medical) as previously described ([@b28-etm-0-0-8830]). The thread was placed on the lower conjunctival fornix at approximately one-third of the lower eyelid distance from the lateral canthus for 20 sec. The length of the wet red thread was measured in mm under a photomicroscope (light microscope; magnification, x1; SMZ 1500; Nikon Corporation). A standard curve was derived to convert distance into volume based on the known uptake volume of basic stock solution (1,500 ml 0.9% saline combined with 5 ml 5 M NaOH) over a 20 sec period.

TBUT and CFSS measurements were conducted as previously described ([@b31-etm-0-0-8830]). Sodium instilling was performed with 1 µl 1% sodium fluorescein into the inferior conjunctival sac using a micropipette. After three blinks, the TBUT was recorded in seconds using slit-lamp biomicroscopy (magnification, x16; BQ-900; Haag-Streit) under cobalt blue light. After a total of 90 seconds, punctate staining of the corneal surface was evaluated by a researcher who was blinded to the therapeutic conditions. For CFSS, each cornea was divided into four quadrants that were individually scored. The intensity of corneal fluorescein staining was calculated using a 4-point scale (0-4) based on a previous study ([@b29-etm-0-0-8830]), as follows: 0, absent; 1, slight punctate staining, \<30 spots; 2, punctate staining \>30 spots, but non-diffuse; 3, diffuse staining but no positive plaque; and 4, positive fluorescein plaque. Total scores collected from the four quadrants, respectively, were added to generate a final grade; the maximum possible score was 16 points.

### Statistical analysis

Data are presented as the mean ± standard deviation. SPSS 18.0 (SPSS, Inc.) was used for analysis. The Kruskal-Wallis test with Bonferroni post hoc analysis was used to compare cell viability, cytokine and chemokine levels and DCF-DA value between the groups. Normal distribution of the data was verified using the Kolmogorov-Smirnov test. Statistical differences in tear volume, TBUT and corneal fluorescein staining among the groups were determined using one-way ANOVA followed by Dunnett\'s post hoc test. Sphericity assumptions were evaluated with Mauchly\'s test, and in the case of violation, the data were adjusted with an Epsilon Greenhouse-Geisser statistic. P\<0.05 was considered to indicate a statistically significant difference.

Results
=======

### H~2~O~2~-induce scytotoxicity in HCE cells

No statistically significant difference was indicated on the viability of HCE cells between the 0.001, 0.01 and 0.1% EJ extract groups compared with the positive control ([Fig. 1A](#f1-etm-0-0-8830){ref-type="fig"}). The positive control exhibited a significant decrease in HCE cell viability compared with the negative control (75.33±3.22%; P\<0.01; [Fig. 1B](#f1-etm-0-0-8830){ref-type="fig"}). The viability of HCE cells pretreated with EJ extracts were 96.67±1.53% in the 0.001% EJ group, 97.67±2.08% in the 0.01% EJ group and 95.33±2.31% in the 0.1% EJ group (all P\<0.01 vs. the positive control; [Fig 1B](#f1-etm-0-0-8830){ref-type="fig"}).

### ROS levels in HCE cells

A significant increase in DCF-DA fluorescence was observed in HCE cells following exposure to 200 µM H~2~O~2~ (P\<0.01 vs. negative control). Pre-treatment with 0.01 and 0.1% EJ extracts significantly reduced DCF-DA fluorescence intensity in a concentration-dependent manner (0.001% EJ, P=0.9 vs. positive control; 0.01% EJ and 0.1% EJ, P\<0.05 vs. positive control or 0.001% EJ; [Fig. 2](#f2-etm-0-0-8830){ref-type="fig"}).

### Mitochondrial membrane potential in HCE cells

In the mitochondrial membrane potential assay, H~2~O~2~-treated HCE cells demonstrated a significant decrease in red fluorescent signal compared with the negative control (P\<0.01). Compared with the H~2~O~2~ positive control group, different concentrations of EJ extracts significantly increased the red fluorescence signal in a concentration-dependent manner (all P\<0.05 vs. the positive control; 0.1% EJ, P=0.03 vs. 0.001% EJ). Compared with the negative control group, there was no significant difference in the proportion of red fluorescence between the 0.01% and 0.1% EJ groups ([Fig. 3](#f3-etm-0-0-8830){ref-type="fig"}; [Table I](#tI-etm-0-0-8830){ref-type="table"}).

### ROS levels in conjunctival tissues

In the DCF-DA assay, treatment with 0.01 and 0.1% EJ extracts resulted in a significant decrease in ROS levels compared with the EDE, BSS or 0.001% EJ group (all P\<0.05). In addition, the 0.1% EJ group showed a significantly lower DCF-DA staining intensity compared with the 0.01% EJ group (P=0.02; [Fig. 4](#f4-etm-0-0-8830){ref-type="fig"}).

### Inflammatory cytokine and chemokine levels in conjunctival tissues

The concentrations of TNF-α, IL-1β, IP-10 and MIG in the 0.1% EJ group were significantly lower compared with the EDE, BSS, 0.001% EJ and 0.01% EJ groups (all P\<0.05). The 0.01% EJ group also demonstrated significantly reduced TNF-α, IL-1β and IP-10 levels compared with the EDE or BSS groups (all P\<0.05) and significantly reduced MIG levels compared with the EDE group (P=0.02). No significant differences were observed in the inflammatory cytokine and chemokine levels among the EDE, BSS and 0.001% EJ groups ([Fig. 5](#f5-etm-0-0-8830){ref-type="fig"}).

### Clinical parameters in the tear film and ocular surface

Following a period of seven days of desiccating stress, the mean tear volumes were 0.020±0.007 µl (EDE group), 0.023±0.007 µl (BSS group), 0.025±0.006 µl (0.001% EJ group), 0.032±0.006 µl (0.01% EJ group) and 0.038±0.007 µl (0.1% EJ group). The 0.01% EJ group indicated a significant increase in tear volume compared with the EDE or BSS groups, and the 0.1% EJ group indicated a significant increase in tear volume compared with the EDE, BSS or 0.001% EJ groups (all P\<0.05; [Fig. 6A](#f6-etm-0-0-8830){ref-type="fig"}).

Following a period of seven days of desiccating stress, the TBUT was demonstrated to be 1.50±0.26 sec in the EDE group, 1.54±0.18 sec in the BSS group, 1.61±0.17 sec in the 0.001% EJ group, 1.88±0.19 sec in the 0.01% EJ group and 1.96±0.26 sec in the 0.1% EJ group. The 0.01% EJ and 0.1% EJ groups had significantly increased TBUT compared with the EDE or BSS groups (all P\<0.05). In addition, the 0.1% EJ group exhibited a significant increase in the TBUT compared with the 0.001% EJ group (P\<0.05 [Fig. 6B](#f6-etm-0-0-8830){ref-type="fig"}).

Following a period of seven days of EDE induction in mice, the CFSS scores were 14.80±1.03 (EDE group), 14.20±1.48 (BSS group), 13.30±0.64 (0.001% EJ group), 8.20±1.40 (0.01% EJ group) and 6.50±1.96 (0.1% EJ group). The 0.01% EJ and 0.1% EJ groups had significantly decreased CFSS scores compared with the EDE, BSS or 0.001% EJ groups (all P\<0.05 [Fig. 6C](#f6-etm-0-0-8830){ref-type="fig"} and [D](#f6-etm-0-0-8830){ref-type="fig"}).

Discussion
==========

Oxidative stress is caused by an imbalance between the anti-oxidant and the pro-oxidant system ([@b6-etm-0-0-8830]). When excess oxidative stress arises, the balance is shifted in favor of the pro-oxidant system ([@b32-etm-0-0-8830]). ROS are natural by-products of normal oxygen metabolism and participate in cell signaling and homeostasis ([@b33-etm-0-0-8830]). A number of studies have reported that oxidative stress serves an important role in a variety of eye diseases, including uveitis, keratitis, age-related cataracts and ocular inflammation ([@b32-etm-0-0-8830],[@b34-etm-0-0-8830]). Oxidative stress can damage the ocular surface via ROS production, leading to visual impairment ([@b37-etm-0-0-8830]).

Chronic inflammation in DE is associated with hyperosmolarity and tear film instability ([@b38-etm-0-0-8830]). In addition, oxidative stress is closely associated with DE and is involved in the initiation and progression of epithelial cell injury ([@b39-etm-0-0-8830]). Previous studies have indicated that hyperosmolarity induces oxidative stress, mitochondrial dysfunction and apoptosis in HCE cells by stimulating ROS production and disrupting the balance of oxygenases and anti-oxidant enzymes ([@b42-etm-0-0-8830],[@b43-etm-0-0-8830]). Oxidative stress may lead to inflammation and cell death in the ocular surface epithelium of murine DE ([@b10-etm-0-0-8830],[@b13-etm-0-0-8830]). Currently, a number of different therapies, including administration of cyclosporine and artificial tears, have been used to treat DE ([@b4-etm-0-0-8830],[@b5-etm-0-0-8830]). However, these agents have variable therapeutic responses and are unable to achieve complete resolution of inflammatory DE ([@b11-etm-0-0-8830],[@b31-etm-0-0-8830]). Topical or local application of anti-oxidative agents may be a novel treatment approach for DE ([@b10-etm-0-0-8830]). Among agents that have anti-inflammatory and anti-oxidant effects for the treatment of DE, the efficacy of different concentrations of EJ extracts was evaluated via topical application.

The leaves of EJ contain eutigoside B and C, which exert anti-oxidative and anti-inflammatory effects through the inhibition of pro-inflammatory cytokines (TNF-α and IL-6), inducible nitric oxide synthase and cyclo-oxygenase-2([@b21-etm-0-0-8830]). Chrysoeriol isolated from Eurya ciliata protected osteoblasts from oxidative stress-induced toxicity by inhibiting H~2~O~2~-induced nuclear factor-κB ligand and IL-6 production ([@b19-etm-0-0-8830]).

In the present *in vitro* study, a variety of concentrations of EJ extracts could maintain the viability of HCE cells in the presence of H~2~O~2~. In addition, the DCF-DA assay and mitochondrial membrane potential measurements showed that the EJ extracts could reduce ROS production and protect mitochondrial function. These findings demonstrated that EJ extracts had anti-oxidative properties in HCE cells exposed to oxidative stress. In the present *in vivo* study, the levels of conjunctival intracellular ROS significantly decreased following topical instillation of EJ extracts. In addition, topically applied EJ extracts significantly decreased the expression of inflammatory cytokines and chemokines TNF-α, IL-1β, IP-10 and MIG in the conjunctiva. These results suggested that EJ extracts could have anti-oxidative and anti-inflammatory properties in the ocular surface following topical administration.

Previous studies have demonstrated that topical administration of anti-oxidants could decrease inflammation on the ocular surface of animal EDE ([@b10-etm-0-0-8830]). It has also been demonstrated that topical application of anti-inflammatory medicines exerted beneficial effects on tear film stability and ocular surface integrity ([@b44-etm-0-0-8830],[@b45-etm-0-0-8830]). In the present study, the effects of topical EJ extracts on a variety of clinical parameters, including the tear volume, TBUT and CFSS scores were investigated using a mouse model of EDE. Despite continuous exposure to desiccating stress and anticholinergic treatment, 0.01% and 0.1% EJ extract-treated eyes showed an increase in tear production, improvement in TBUT and reversal of corneal epithelial damage as determined by the decrease in corneal fluorescein uptake. The present study demonstrated that the anti-oxidative and anti-inflammatory properties of EJ extracts exibit a beneficial effect on the improvement of various tear film and ocular surface parameters.

Collectively, EJ extracts protected the ocular surface of epithelial cells against oxidative stress by inhibiting ROS production. In addition, topical EJ extract application could reduce the production of ROS and expression of inflammatory molecules in the ocular surface, thereby improving the clinical signs of murine DE. Therefore, topical EJ extract application could ameliorate DE in terms of its oxidative, inflammatory and clinical characteristics. Moreover, EJ extracts may exhibit potential as therapeutic agents for the treatment of DE.
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![Effect of pretreatment with EJ extracts on the viability of HCE cells. (A) The effect of EJ extracts on the viability of HCE cells. (B) The effect of EJ extracts on HCE cells with or without exposed to 200 µM H~2~O~2~. The results are presented as percentages relative to the negative control. ^\*^P\<0.01 vs. negative control and ^†^P\<0.01 vs. positive control. EJ, *Eurya japonica*; HCE, human corneal epithelium; H~2~O~2~, hydrogen peroxide. Negative control, treatment without either EJ extracts or H~2~O~2~; Positive control, only treatment with H~2~O~2~.](etm-20-02-1607-g00){#f1-etm-0-0-8830}

![DCF staining and subsequent confocal fluorescence microscopy findings of 200 µM H~2~O~2~-treated human corneal epithelial cells with or without pretreatment with EJ extracts. (A) Representative microscopy images of DCF staining and (B) Relative fluorescence intensity results. Data are expressed as the percentage normalized to the negative control. ^\*^P\<0.05 vs. negative control; ^†^P\<0.05 vs. positive control and ^‡^P\<0.05 vs. the 0.001% EJ group. EJ, *Eurya japonica*; DCF, dichlorodihydrofluorescein diacetate; H~2~O~2~, hydrogen peroxide.](etm-20-02-1607-g01){#f2-etm-0-0-8830}

![Representative flow cytometry results showing recovery of H~2~O~2~-induced impairment of mitochondrial membrane potential through treatment with EJ extracts. EJ, *Eurya japonica*; H~2~O~2~, hydrogen peroxide; JC-1, 5,5\',6,6\'-tetrachloro-1,1\',3,3\'-tetraethyl benzimidazolylcarbocyanine iodide.](etm-20-02-1607-g02){#f3-etm-0-0-8830}

![Levels of reactive oxygen species in the conjunctiva. DCF-DA results showing (A) representative images, and (B) fluorescence intensity in the EDE, BSS, and 0.001, 0.01 and 0.1% EJ extract groups at seven days (^\*^P\<0.05). ^\*^P\<0.05 vs. EDE; ^†^P\<0.05 vs. BSS; ^‡^P\<0.05 vs. 0.001% EJ and ^§^P\<0.05 vs. 0.01% EJ. DCF-DA, dichlorodihydrofluorescein diacetate; EDE, experimental dry eye; BSS, balanced salt solution; EJ, *Eurya japonica*.](etm-20-02-1607-g03){#f4-etm-0-0-8830}

![Levels of (A) TNF-α, (B) IL-1β, (C) IP-10 and (D) MIG in the conjunctivas of EDE, BSS, and 0.001, 0.01 and 0.1% EJ extract groups. ^\*^P\<0.05 vs. EDE; ^†^P\<0.05 vs. BSS; ^‡^P\<0.05 vs. 0.001% EJ and ^§^P\<0.05 vs. 0.01% EJ. TNF-α, tumor necrosis factor; IL-1β, interleukin-1β; IP-10, 10 kDa interferon gamma-induced protein 10; MIG, monokine induced by interferon-γ; EDE, experimental dry eye; BSS, balanced salt solution; EJ, *Eurya japonica*.](etm-20-02-1607-g04){#f5-etm-0-0-8830}

![Mean (A) tear volume, (B) tear film break-up time, (C) corneal fluorescein staining scores and (D) representative images of EDE, BSS and 0.001, 0.01 and 0.1% EJ extract groups following seven days of desiccant stress. ^\*^P\<0.05 vs. EDE; ^†^P\<0.05 vs. BSS and ^‡^P\<0.05 vs. 0.001% EJ. EDE, experimental dry eye; BSS, balanced salt solution; EJ, *Eurya japonica*.](etm-20-02-1607-g05){#f6-etm-0-0-8830}

###### 

Percentage of red fluorescence in the negative control and hydrogen peroxide-treated cells with or without EJ extract pretreatment.

  Groups             Red fluorescence (%)
  ------------------ -------------------------------------------------------------------------------------------------------
  Negative control   89.47±5.79
  Positive control   57.27±7.51^[a](#tfn1-etm-0-0-8830){ref-type="table-fn"}^
  0.001% EJ          72.67±2.67^[a](#tfn1-etm-0-0-8830){ref-type="table-fn"},[b](#tfn2-etm-0-0-8830){ref-type="table-fn"}^
  0.01% EJ           81.83±3.45^[b](#tfn2-etm-0-0-8830){ref-type="table-fn"}^
  0.1% EJ            87.83±2.93^[b](#tfn2-etm-0-0-8830){ref-type="table-fn"},[c](#tfn3-etm-0-0-8830){ref-type="table-fn"}^

Data are expressed as the mean ± standard deviation.

^a^P\<0.05 vs. negative control;

^b^P\<0.05 vs. positive control and

^c^P\<0.05 vs. 0.001% EJ. EJ, *Eurya japonica*.
